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TO THE EDITOR
Data from population studies show that
obese people tend to have higher rates
of infection and cancer (Choban et al.,
1995; Engel et al., 2003). This led us
to hypothesize that those who are
obese may have impaired immunity
mechanisms.
Recently, we found that diet-in-
duced obese (DIO) mice had impaired
contact hypersensitivity (CHS) res-
ponses to 2,4,6-trinitrochlorobenzene
(TNCB), but that their Langerhans cell
function and delayed-type hypersensi-
tivity response to ovalbumin were not
affected (Katagiri et al., 2007). Thus, the
impaired CHS response might be re-
lated to obesity; non-obese BALB/c
mice that received the same high-fat
diet (HFD) did not experience changes
in their CHS responses to TNCB (Kata-
giri et al., 2007). The HFD has a high
fatty-acid content, which might affect
the immune response (Yaqoob, 2003).
We designed this study to examine the
impairment mechanisms that affect
CHS response in DIO mice and to
determine whether it is the obesity or
the HFD that is responsible for the
impairment.
Female C57BL/6 mice were pur-
chased from Kyudo Co. (Fukuoka,
Japan) and were 6-weeks old at the
time of experimentation. The mice
were treated in accordance with the
Oita University Guidelines for the Care
and Use of Laboratory Animals. To
induce obesity, we fed one group of
mice a high-fat, high-calorie diet sup-
plemented with sucrose and safflower
oil (oleic acid-rich oil) (S-HFD). The
other group of mice was fed a normal
diet (ND). During some experiments, a
panel of mice was fed a commercially
available HFD (O-HFD) (Oriental Yeast
Co., Tokyo, Japan), in which the fat
consisted of soybean and lard (see
details in the figure legends). CHS
experiments were performed at least 6
weeks after the mice began their
assigned diets. The mice were sensi-
tized with TNCB, oxazolone, or FITC
Abbreviations: CHS, contact hypersensitivity; DIO, diet-induced obese; HFD, high-fat diet; ND, normal
diet; O-HFD, another type of commercially available high-fat diet; S-HFD, high-fat and high-calorie diet
supplemented with sucrose and safflower oil; TNCB, 2,4,6-trinitrochlorobenzene
www.jidonline.org 735
K Katagiri et al.
Contact Hypersensitivity in Diet-Induced Obesity
on their shaved abdomens. Seven
days later, the ear pinnae were chal-
lenged with the same agents. Unsensi-
tized mice fed on the same diets
were used as negative controls for
each group (see details in the figure
legends). In some experiments, DIO
and lean mice received an intravenous
injection of 100 ng of IL-4 (Peprotech
EC, London, UK) in 100ml of HBSS
or HBSS alone immediately before
sensitization or challenge with TNCB
or FITC.
C57BL/6 mice fed on either type of
HFD had significantly larger weight
gains when compared with mice fed
an ND from day 28 until the end of the
study (Figure 1a). CHS responses to
TNCB and FITC, but not oxazolone,
were impaired in DIO mice fed an
S-HFD, whereas DIO mice fed an O-HFD
did not experience diminished CHS
responses to TNCB and FITC (Figure
1b–d). The differing CHS responses to
various haptens suggest a defect of the
IL-4 signal in S-HFD mice because CHS
responses to TNCB and FITC, but not
oxazolone, have been shown to
depend on IL-4 (Dieli et al., 1999;
Traidl et al., 1999). Therefore, we
examined whether exogenous IL-4 re-
stores impaired CHS responses, as it did
in IL-4-deficient mice (Dieli et al.,
1999). Administration of IL-4 immedi-
ately before either sensitization or
challenge restored CHS responses to
TNCB and FITC in S-HFD mice, but it
did not influence CHS responses in lean
mice (Figure 2a–d). We explored the
source of IL-4 in the CHS response to
TNCB with reference to a previous
report (Dieli et al., 1998), although
neither mRNA nor protein of IL-4 was
found in harvested regional lymph node
cells, the skin 6 and 24 hours after
sensitization with TNCB or the culture
supernatant by reverse transcription
PCR and ELISA of either DIO or lean
mice (data not shown).
This study reveals that an HFD
enriched with oleic acid (S-HFD), and
not obesity itself, is essential to impair
CHS response to TNCB and FITC,
although the effect was limited in the
susceptible mice to diet-induced obe-
sity. The significant difference between
S-HFD and O-HFD mice was their oleic
acid content. We chose oleic acid-rich
oil as a fat source since oleic acid is
considered less influential in immune
response and because it has been used
as a control for fatty acids in previous
studies (Moison and Beijersbergen van
Henegouwen, 2001). Our results sug-
gest that oleic acid’s effect on immunity
should be re-evaluated in the suscep-
tible mice group.
Restoration of the impaired CHS
responses by IL-4 indicates the defect
of the IL-4 signal in DIO mice fed an
S-HFD, although we failed to find the
source of IL-4 in our CHS model.
Askenase and colleagues reported that
IL-4 that is produced by liver NKT cells
immediately after sensitization with
TNCB leads within a day to the
production of antigen-specific IgM by
B-1 cells, which is necessary to induce
the CHS response by effector T cells
(Campos et al., 2003, 2006; Itakura
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Figure 1. Body weight and contact hypersensitivity responses to various haptens were affected by two
HFDs. Six-week-old C57BL/6 mice were given two types of high-fat, high-calorie diets (HFD) and a normal
diet (ND). An HFD, containing fat supplemented by safflower oil (oleic acid-rich oil) (S-HFD), consisted of
35% carbohydrate, 20% protein, and 45% fat (73% oleic acid, 18.1% linoleic acid, 0.4% a-linolenic acid,
7.5% saturated fatty acids, and 1% other miscellaneous fatty acids) with an energy density of 4.7 kcal g1.
Another HFD, which was commercially available and whose fat content was supplemented by soybean and
lard (O-HFD) (Oriental Yeast Co.), consisted of 20% protein, 35% carbohydrate, and 45% fat (23% palmitic
acid, 13% stearic acid, 41% oleic acid, 15% linoleic acid, 1.3% a-linolenic acid, and 6.7% other
miscellaneous fatty acids) with an energy density of 4.7 kcal g1. An ND consisted of 70% carbohydrate,
25.4% protein, and 4.4% fat with an energy density of 3.4 kcalg1. (a) Mice fed the S-HFD, O-HFD, or
ND were weighed once each week. S-HFD or O-HFD versus ND, *Po0.01, **Po0.05 (n¼ 18 mice/group).
CHS responses to (b) TNCB, (c) oxazolone, and (d) FITC were evaluated in mice fed an S-HFD, O-HFD,
or ND. Mice were sensitized topically with 25ml of 1% TNCB (Tokyo Kasei Kogyo, Tokyo, Japan) or 1%
oxazolone (Sigma-Aldrich, St Louis, MO) in acetone, or 50ml of 5% FITC (Sigma-Aldrich) in acetone/
dibutylphtalate (1:1) on their shaved abdomens. Seven days later, 10ml of 0.1% of TNCB, 0.1% oxazolone,
or 0.5% FITC in the same solutions used at sensitization were each applied to both sides of the ear
pinnae. Unsensitized mice fed on the same diet were used as negative controls (NC). Using a micrometer
(Mitutoyo, Kawasaki, Japan), we measured ear thickness to determine the cutaneous manifestation
of CHS. Ear swelling was measured at 24hours, and the results are represented as the mean7SEM
(n¼ 6 mice/group).
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et al., 2005). Quick administration of
IL-4 before either sensitization or chal-
lenge might play a role similar to that of
NKT cells in CHS induction. Interest-
ingly, a decreased number of liver NKT
cells was reported in DIO mice (Li
et al., 2005). There is a possibility that
mast cells in the skin might be a source
of early IL-4 production, although we
failed to find expression of IL-4 mRNA
in the skin 6 and 12 hours after TNCB
application. IL-4 injections just before
challenge restored CHS responses. This
indicates the presence of effector T cells
in pre-sensitized DIO mice rather than
the impairment of the CHS afferent
phase in DIO mice, which was sug-
gested by the failure of adoptive transfer
in our previous study (Katagiri et al.,
2007). Interestingly, CHS response
to oxazolone in DIO mice seems to
be enhanced (Figure 1c), although
enhanced nonspecific inflammation,
which was seen as an irritant response
to hapten, might reinforce the CHS
response. An HFD or diet-induced
obesity might have a dual effect on
CHS response depending on types of
hapten or strains of mice.
In conclusion, an HFD enriched
with oleic acid impairs CHS response
to TNCB and FITC in susceptible mice
by inducing a lack of IL-4 signal, which
might affect immune responses other
than CHS.
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Figure 2. IL-4 restored impaired CHS responses to TNCB and FITC in diet-induced obese mice
fed an S-HFD. Mice fed the ND or the S-HFD for 6 weeks were sensitized and challenged with TNCB
or FITC. Both groups of mice received an intravenous injection of IL-4 (100 ng in 100 ml of HBSS) or
HBSS alone immediately (a and c) before sensitization or immediately (b and d) before challenge
with TNCB or FITC. Unsensitized mice fed the ND and the S-HFD were used as negative controls
(NC). Ear swelling was measured at 24 hours, and the results are represented as the mean7SEM
(n¼6 mice/group).
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